Commencing in November 1992, tissue samples from 10 cases of canine abortion were submitted to the Washington Animal Disease Diagnostic Laboratory for analyses. A common feature was a history of vaccination of the pregnant dam, 34 weeks prior to whelping, with a modified live virus (MLV) multi-component canine vaccine (MLV canine distemper, adenovirus type 2, Parainfluenza, and parvovirus) reconstituted with a killed canine coronavirus vaccine. A cytopathic agent was identified in Vero cells and Crandell feline kidney (CrFK) cells (after repeated passage) inoculated with tissues originating from the dams. No evidence of the usual abortigenic agents of dogs, such as Brucella canis and canine herpesvirus, was found from histopathology, virology, or bacteriology. 6, 9 Because the common link among the cases was the use of the MLV vaccine during late-term pregnancy, it was speculated that disease resulted from a virulent component of the vaccine, such as canine parvovirus (CPV). Although isolation attempts were negative for CPV, multiple other viruses isolated had properties consistent with members of the family Reoviridae. 1 In this paper, we present the laboratory findings from 3 naturally occurring cases of canine disease associated with the administration of an MLV canine vaccine during late stages of gestation. This study was a collaborative project with investigators at the Veterinary Biologics Laboratory (National Veterinary Services, Ames, IA). An adjunct report on the properties of the viral isolate and its subsequent identification as bluetongue virus are the subject of a separate report. 15 Selected tissues were submitted to the laboratory for histopathology, bacteriology, and virology from 3 cases of canine abortion (Table 1) . The tissues for virology were homogenized in medium containing minimal essential medium, 7% fetal bovine serum inactivated for 90 minutes at 56 C, penicillin (100 IU/ml), and streptomycin (100 µg/ml). The tissue homogenates were inoculated onto multiple cell types including Madin Darby canine kidney, CrFK, and Vero cells. [6] [7] [8] Homogenates were passaged at weekly intervals. Those cultures yielding cytopathic effect (CPE) after subsequent passages were subjected to chloroform lability and hematoxylin and eosin (HE) staining for demonstration of inclusion bodies. Because CPV was suspected as a possible cause, cultures of the cytopathic agents were stained by indirect immunofluorescence with CPV reagents. a,b
Bacteriologic cultures were made on the same tissues obtained from the dams and aborted puppies.
Three dams, a 2-year-old Samoyed, a 3-year-old miniature pinscher, and a 1.5-year-old golden retriever, were necropsied at separate times by the same referring veterinarian. Lung, heart, liver, kidney, and spleen were collected from all animals. Additional tissues collected included small intestine from the miniature pinscher and mesenteric lymph node from the golden retriever. All tissues were fixed in 10% neutral buffered formalin and submitted for histologic evaluation. Fixed tissues were dehydrated in graded alcohols, embedded in paraffin, sectioned at 5 µm, stained with HE or phosphotungstic acid-hematoxylin, and examined by light microscopy.
In addition, 3 aborted fetuses and 1 placenta from the Samoyed dam were submitted to the diagnostic laboratory for complete necropsy. Samples of brain, lung, liver, kidney, heart, spleen, and placenta were collected, fixed, and processed as above.
Significant gross pathologic findings predominantly involved the respiratory system and reflected histologic changes seen in the lung. The Samoyed and the golden retriever had approximately 200 ml of red fluid in the pleural cavity. The lungs were diffusely reddened in all 3 dogs, and discrete dark red foci were observed in the dorsal lung lobes of the Samoyed. Enlarged, reddened mesenteric lymph nodes were observed in the golden retriever. The aborted fetuses were fully haired and considered full term, with crown-rump lengths of 17.5, 20, and 20 cm and body weights of 304, 271, and 300 g. No significant gross abnormalities were seen in any of the fetuses or in the placenta from the Samoyed.
The histologic findings concurred with the gross pathologic changes identified in the lungs of all 3 dogs and in the mesenteric lymph nodes of the golden retriever. Pulmonary lesions were similar in all dams but were most severe in the Samoyed and consisted of a diffuse mixed-cellular interstitial pneumonia with fibrin and leukocyte exudation into alveolar spaces and patchy intra-alveolar edema (Fig. 1 ). Additional lung lesions seen only in the Samoyed included focal thickening of the pleura with fibrin and small numbers of leu- kocytes within the walls of occasional small to medium-sized arterioles (Fig. 2) . The endothelium lining of affected vessels was hypertrophic. Liver lesions were also similar in the 3 dogs, consisting of a vasculitis characterized by moderate numbers of lymphocytes and fewer neutrophils within mildly hyalinized walls of both portal vessels and central veins ( Fig.  3) . Heart, kidney, and lymph node lesions were seen only in the golden retriever. Heart lesions consisted of myocardial interstitial edema with separation and rare degeneration of myofibers. In the kidneys, glomeruli were diffusely enlarged, scattered cells within and lining glomerular capillaries had pyknotic to karyorrhectic nuclei, and fibrin thrombi were common in glomerular capillaries (Fig. 4) . The mesenteric lymph node had blood within sinus areas, identifying the reddening seen grossly as hemorrhage. In the placenta from the Samoyed, there was a focal vasculitis similar to that seen in liver sections but with greater numbers of transmural neutrophils and severe congestion. No significant histologic lesions were noted in the remaining tissues from the dams or in any of the aborted fetuses.
Multiple viral isolates, each inducing a similar type of CPE, were obtained from Vero cells and CrFK cells. The CPE began as a generalized roughening of the monolayers and, with each succeeding passage, progressed until more CPE (100%) was observed. The isolated viruses were characterized as being chloroform resistant and producing eosinophilic intracytoplasmic inclusion bodies of various sizes. Immunofluorescence testing of infected cell cultures was negative for CPV. Based upon preliminary in vitro observations, the viruses were tentatively identified as members of the family Reoviridae.
Definitive virus identification conducted at the National Veterinary Services Laboratories (NVSL) subsequently identified the viruses as bluetongue virus by electron microscopic morphology, electropherotyping, and immunofluorescence tine containing a viral contaminant. MLV vaccine adminand as type 11 by plaque inhibition using type-specific an-istration during pregnancy is controversial but has been done tiserum. 15 No significant pathogenic bacteria were cultured to induce high levels of maternal antibodies, which in turn from the fresh tissues submitted to the laboratory. are passed onto puppies in colostrum. 2, 10, 13 The association This case report presents the unique finding of canine abor-of the vaccine with abortions and subsequent death of the tion and death following the administration of an MLV vac-dams suggested 1 or more of the components in the MLV swelling of the glomerular tuft, scattered pyknotic and was responsible. Early diagnostic efforts were aimed at ruling Tatalick for their assistance with case coordination and data out canine distemper virus, CPV, and canine herpesvirus. 6,12 retrieval.
Breakthroughs in these complex cases came following the isolation of cytopathic agents from tissues derived from the dams. Virus was not isolated from fresh tissues obtained from the puppies. The viruses were initially classified as belonging to the family Reoviridae based upon chloroform resistance and eosinophilic intracytoplasmic inclusion bodies. 1 This virus family is not usually associated with reproductive failure in dogs or in other mammalian species. 1,12 Further analysis of the virus isolates revealed that they were species of the genus Orbivirus and were eventually identified as bluetongue virus type 11. 15 Subsequent studies conducted at the NVSL showed that other serials of the MLV vaccine also contained bluetongue virus. 15 This report describes the pathogenesis of naturally occurring cases of bluetongue virus-associated disease in pregnant dogs. We speculate that the bluetongue virus may have been introduced into the vaccine via contaminated cells and/or serum used to produce the vaccine. Extensive quality control is necessary to prevent this contamination from recurring. 5 The histopathologic changes seen in the 3 dogs are suggestive of infection of vascular endothelium with concomitant inflammation. A similar pathogenesis with comparable lesions has been reported for bluetongue virus in sheep and cattle with both natural and experimental orbivirus infection. 3, 4, 11, 14 4. 
Porcine parvovirus associated with cutaneous lesions in piglets
Kelly M. Lager, William L. Mengeling
Porcine parvovirus (PPV) is a cause of maternal reproductive failure in pregnant swine. 3 In swine of all ages, infection with PPV is typically asymptomatic; however, it has been associated with cutaneous lesions in piglets. One report described an epizootic in piglets of slit-like erosions and vesicle-like lesions involving the oral cavity and snout. 1 Erosive lesions of the coronary band and interdigital spaces with occasional sloughing of hooves were also reported. Six herds were involved in that epizootic, with morbidity rates from 13% to 100% and mortality rates from 0% to 58%. Porcine parvovirus was the only pathogen routinely isolated from lesions on the affected pigs. Some or all of the clinical signs were reproduced in piglets inoculated with crude tissue extracts from affected pigs. A second report described necrotic and exudative dermatitis in 3 piglets from 2 different herds. 5 Porcine parvovirus, swine pox, and Staphylococcus sp. were isolated from those cutaneous lesions. Both reports implicated PPV as a potential etiology of cutaneous lesions and suggested that PPV should be included in a differential diagnosis for vesicular lesions in swine.
Porcine parvovirus is a cytolytic, autonomous parvovirus that replicates in cells during the DNA synthesis phase of the cell cycle. The mitotic index of normal skin is low, with few cells undergoing mitosis at any one time. The mitotic index at the margins of cutaneous lesions however could be high because of proliferation of regenerating tissues. We hypothesized that PPV would concentrate at the margins of skin lesions because of the high mitotic index resulting in a focus of cells permissive for replication of PPV. This localization or concentration of virus near lesions could confound determination of the etiology of cutaneous lesions in piglets. The purpose of this study was 2-fold: 1) to compare 2 PPV strains for their ability to localize in mitotically active regenerating tissues at the margins of cutaneous lesions and 2) From the Virology Swine Research Unit, National Animal Disease Center, USDA, Agricultural Research Service, PO Box 70, Ames, IA 50010.
Received for publication December 18, 1993. to determine if PPV can act as a primary pathogen in porcine cutaneous lesions. The NADL-8 strain of PPV was isolated from a dead fetus and had been passaged only in utero. 4 The Kresse strain of PPV was obtained (H. S. Joo of the University of Minnesota) as a homogenate of tissues from an experimentally infected porcine fetus. This strain was originally isolated from vesiclelike lesions of a naturally infected neonatal pig. The homogenate was clarified and the supernatant passed through a 0.22-µm filter. A tertiary embryonic swine kidney cell culture was inoculated with 200 µl of this filtrate. After 72 hours, the cell culture was frozen, thawed, and clarified by centrifugation for use as an inoculum for piglets.
Fifteen hysterectomy-derived, colostrum-deprived piglets were individually housed in sterile cages and divided into 3 groups: group 1 consisted of 3 noninfected control piglets; group 2 consisted of 6 piglets infected oronasally with 1 ml (10 5.2 CCID 50 ) of NADL-8 strain of PPV at 1 day of age (day 0 of the experiment); group 3 consisted of 6 piglets similarly infected with the Kresse strain of PPV. Piglets were anesthetized before creation of cutaneous lesions, which consisted of single, dorsally located, full-skin thickness excisions (10 × 5 mm) on days 0,3, 5, and 7 of the experiment. One piglet from the control group and 2 piglets from each of the infected groups were euthanized and necropsied on days 5, 7, and 14 of the experiment. Sections of wound areas and comparable areas of wound-free skin were recovered for virus isolation (VI) and immunofluorescence microscopy (FA). The sequentially created cutaneous lesions of group 1 piglets provided the control rate for wound healing. Tissues were triturated and homogenates were assayed for relative amounts of virus as previously described. 2 Representative frozen samples of each lesion were cut on a cryostat microtome and prepared for FA. Results were recorded as 0 (no fluorescence) or + to + + + + (scattered fluorescence to > 75% of all fields observed having fluorescence, Fig. 1 ). Hemagglutination inhibition (HI) antibody tests were performed on sera from piglets euthanized on days 7 and 14.
Porcine parvovirus infection was not detected by VI or FA in skin sections of control piglets. Serum obtained from those
